Context. Contemporary theory holds that massive stars gather mass during their initial phases via accreting disk-like structures. However, conclusive evidence for disks has remained elusive for the most massive young objects. This is mainly due to significant observational challenges: objects are rare and located at large distances within dusty, high extinction environments. Incisive studies, even targeting individual objects, are therefore relevant to the progression of the field. NGC 3603 IRS 9A* is a young massive stellar object still surrounded by an envelope of molecular gas. Previous mid-infrared observations with long-baseline interferometry provided evidence for a disk of 50 mas diameter at its core. Aims. This work aims at a comprehensive study of the physics and morphology of IRS 9A physics at near-infrared wavelengths. Methods. New sparse aperture masking interferometry data taken with the near-infrared camera of the Very Large Telescope at K s and L wavelengths were obtained and analyzed together with archival CRIRES spectra of the H 2 and Brγ lines. Results. The trends in the calibrated visibilities recorded at K s and L bands suggest the presence of a partially resolved compact object of ∼30 mas at the core of IRS 9A, together with the presence of over-resolved flux. The spectroastrometric signal, obtained from the CRIRES spectra, of the H 2 line shows that this spectral feature proceeds from the large scale extended emission (∼ 300 mas) of IRS 9A, while the Brγ line appears to be formed at the core of the object (∼ 20 mas). To better understand the physics driving IRS 9A, steady state radiative transfer models were performed. Our best model supports the existence of a compact disk with an angular diameter of 20 mas together with an outer envelope (1") exhibiting a polar cavity with an opening angle of 30
Introduction
Massive stars play an important role in the evolution of galaxies. They exert a tremendous influence on their surroundings by the mass flows produced by their strong stellar winds and by their ultimate fate in a supernova explosion. However, in spite of their importance, our knowledge about their birth and evolution is far from complete. Given their evolutionary time-scale of the order of a few Ma and their formation environment in dense opaque molecular clouds, they reach the zero-age main sequence while they are still heavily embedded in their natal cloud (Churchwell 2002) . Hence, the observation of critical early evolutionary phases is challenging. Furthermore, they are scarce and usually born in dense clusters located at large distances (≥ 1 kpc), thus, the use of high-angular resolution techniques is required for their study (see Zinnecker & Yorke 2007) .
Contemporary theory describing massive star formation suggests that high-mass stars are created via competitive accretion in dense molecular clouds (Bonnell et al. 2001; Bonnell & Bate 2006 ). This theory is based on the inefficiency of cloud fragmentation and takes into account the local properties of the gas to derive the accretion rates and the initial mass function (IMF) of the forming stars. Key determinants under this scenario are the quantity of available free gas and the position of the competing protostars in the cloud. This model implies that, due to the strong interactions of the protostar with the circumstellar matter, some non-spherical geometries are expected, favoring the formation of disk-like structures and compact binary systems (Krumholz & Bonnell 2007; Kraus et al. 2009; Kuiper et al. 2012) . However, because of the observational difficulties, there is scant observational data confirming the existence of the expected disklike structures and exploring their interaction with the central source. Notably, there are only a couple of cases in which disks Article number, page 1 of 10 arXiv:1409.2831v2 [astro-ph.SR] 11 Nov 2014 have been detected for massive stars with more than 20M (e.g. Kraus et al. 2010) . Moreover, new studies support the proposition that at least 70% of massive stars form in multiple systems (Mason et al. 2009; Sana & Evans 2011; Sana et al. 2014) , modifying the way in which the stellar components interact with the disk(s). Therefore, the study with high-angular resolution of massive-young stellar objects (MYSOs) is important to contrast the current star-formation theories with observational evidence of the physical processes at the core of MYSOs.
The object NGC 3603 IRS 9A* (abbreviated hereafter to IRS 9A) which is located in the giant HII region NGC 3603 at a distance of 7±1 kpc is a MYSO with an estimated mass of ∼ 40 M (Nürnberger 2003) . Due to its location in NGC 3603, the natal cloud of this luminous source (∼ 2.3 x 10 5 L ) has been partially eroded by the stellar radiation of a massive cluster of O and B stars located at a projected distance of 2.5 pc to the North-West from the source, thus making it observable at infrared wavelengths. However, its spectral index (α 2.2−10µm =1.37) suggests that the source is still surrounded by considerable circumstellar material. In fact, the excess of mid-infrared (MIR) emission observed and its positive spectral index resemble the properties of low-mass class I young stellar objects (Lada 1987; Whitney et al. 2003) . This hypothesis of a partially wind-stripped young object offers the intriguing possibility to peer behind the veil at a MYSO during one of its early evolutionary stages.
Previous MIR high angular resolution observations of the morphology of IRS 9A identified at least two components associated with a warm-inner disk-like structure and a cold elongated envelope with temperatures of ∼1000 and 140 K, respectively (Vehoff et al. 2010) . On the one hand, the envelope, resolved with MIR sparse aperture masking (SAM) observations with the T-ReCS IR camera on Gemini South, exhibits an angular size of 330 x 280 mas. On the other hand, observations with the ESO MIDI instrument, attached to the Very Large Telescope Interferometer (VLTI), implied an angular extension of ≤ 50 mas for the compact structure.
Here, we present a study of the morphology of IRS 9A exploiting several techniques. We make use of SAM data taken with the ESO near-infrared (NIR) facility, NaCo at the ESO Very Large Telescope (VLT). These data are complemented with NIR long-slit spectroscopic observations with CRIRES/VLT from the ESO archive. We also re-analyze the existing MIDI/VLTI and Gemini T-ReCS data and include them in our analysis. Section 2 describes the observations and data reduction. Our analysis and results for the different techniques used as well as our models are presented in Section 3. In Section 4 we discuss our results. Finally, in Section 5 we present our conclusions.
Observations and data reduction
2.1. Sparse aperture masking data.
Our IRS 9A observations were performed with NaCo in its aperture masking mode using the K s (2.2µm), L (3.8µm) and M (4.7µm) bandpasses on March 12th, 2012 1 (UTC) and the S27/L27 cameras (0.027"/pixel) combined with the 7holes mask. This mask and configuration is appropriate for use with targets in the magnitude range of IRS 9A. The relatively uniform u − v coverage afforded by this mask yielded a synthesized beam with angular resolution (θ) at each band of 35, 60 and 80 mas for K s , L and M , respectively.
Observations were taken using repeated standard calibratorscience target sequences over a period of ∼2 hours per filter (see 1 ESO programme: 088.C-0093(A) Table 1 ). Each observation on target and calibrator is composed of four dither positions. Due to elevated noise and the presence of vertical stripes in the upper half of the NaCo detector at the time of the observations, the dither positions were performed following a squared box in the lower half of the detector. The ensemble series of observations, spanning a range of UTC, helped to improve our u − v coverage through Earth rotation synthesis (see Fig 1) . All SAM data were initially sky subtracted, flat fielded, and bad pixel corrected. The sky frames were constructed via separate observations of an empty field close to the target for each different dither position. The sky subtraction did not result in a fully flat background as expected: on the contrary, patterns were found to remain on the images in the L −filter. The size of these patterns was larger than the size of the point-spread function (PSF). Because fringes are encoded at high spatial frequency, the effect of this residual was not significant in the calibration process. Additionally, due to high airmass and variable seeing, the NaCo/SAM M −filter observations appear to have low photon counts on target and no interferograms were distinguishable for almost all the recorded data. Therefore M data were discarded from our analysis.
In order to improve our signal-to-noise ratio (SNR), a frameselection algorithm rejected approximately 50% of the recorded images based on two flux criteria: (i) the total counts of the PSF and (ii) the counts at the peak of the PSF. The final frames where cropped and stored in cubes of 128x128 pixels centered on the source peak pixel. Point-source reference stars located not further than 2
• from IRS 9A were observed to calibrate the transfer telescope-atmosphere function. Table 1 lists the data sets recorded for each filter and for both target and calibrators. Figure 1 shows example L −filter data giving the recorded interference pattern, the accumulated power spectrum, and the final u−v coverage built through sky rotation synthesis.
To reduce the raw data to calibrated squared visibilities (V 2 ) and closure phases (CPs), an analysis pipeline in the Interactive Data Language (IDL) developed at Sydney University was employed. This code constructs a sampling template (specific to the given configuration of mask and filter) to extract baseline complex visibilities from the Fourier transform domain. Raw interferometric observables are obtained as an ensemble average over the data cube for all baselines sampled by the mask. Finally, the calibrated observables are obtained through the ratio between the raw V 2 on source and calibrator, while calibrated CPs are obtained by subtracting the CPs from the calibrator to the ones on the target. A more detailed description of the SAM technique can be found in Tuthill et al. (2000 Tuthill et al. ( , 2010 . Additionally, our data were also reduced with the YORICK pipeline for aperture masking (SAMP; Lacour et al. 2011 ) developed at Paris Observatory. Similar results were obtained using both codes.
To test the level of confidence of both the CPs and the V 2 of our calibrators, we performed a cross-calibration between the different PSF reference stars to determine the response of the interferometric observables and identify systematics. We performed an auto-calibration test for pairs of calibrators taken in the same quadrant of the detector to minimize the difference in the pixel gain of the interferogram and, hence, reduce the variability in the V 2 level. Our tests confirm that the CPs of the calibrator have individual standard deviations σ CPs = 2
• . This level of confidence in the CP's measurements is consistent with the signal-to-noise ratio (SNR) of our observations assuming that σ CPs = 180
• / √ S NR. On the other hand, the calibrator V 2 are near to unity with deviations around σ V 2 = ±0.1. This level of confidence is expected for this type of data given the conditions and the magnitude of the star observed. Figure 2 presents the calibrated V 2 and CPs of our IRS 9A K s and L observations. The interferometric observables depict a partially resolved target with point-like symmetry for all the different sampled position angles. The V 2 levels vary between ∼0.4-0.8 and ∼0.2-0.7 for L and K s , respectively. CPs vary within about -10
• and 10
• for the two filters.
CRIRES data.
IRS 9A was observed with the CRIRES spectrograph (Kaeufl et al. 2004) as part of the 080.C-0873(A) observing programme. We obtained these data from the ESO archive. Observations were taken using a grating of 31.6 lines/mm centered on two near-IR emission lines: H 2 (2.121 µm) and Br γ (2.166 µm). The slit length was of ∼40" with a plate scale of 0.086"/pixel. The dispersion ranges covered were 2.108-2.150 and 2.161-2.200 µm for H 2 and Br γ , respectively. The observations were conducted using a long-slit with a width of 0.6", and a resolving power of R∼33000 or 1.5km/s. To obtain information of the emission The data reduction was performed using IRAF and proprietary IDL routines. First, the 2D spectrum was corrected for the flat-field, bad pixels and sky contamination. No strong telluric OH lines were observed at positions threatening to contaminate astrophysically useful lines in the spectra. However, in order to avoid spurious signals in our data resulting from OH lines, we subtracted the sky observations from the science spectra. After the previous correction, the two nodding positions were aligned along the spatial axis and combined into a single spectrum. To correct for blending along the dispersion axis, a 3rd-degree polynomial was fit to the stellar continuum spectrum, which was then subtracted from the science spectra frames. Figure 3 displays the integrated H 2 and Br γ emission lines using an aperture of twice the FWHM of the continuum emission, after processing as described. 
Analysis and results

The core of IRS 9A
To obtain an estimate of the physical size of the circumstellar structure around the core of IRS 9A, we first fit a geometrical model of a uniform disk to the observed V 2 function recovered from our SAM data. The model of a uniform disk in the Fourier space is given by the following expression:
where J 1 is a first order Bessel function, θ is the diameter of the disk in radians, and r corresponds to the measured spatial frequencies. The coefficient A 1 corresponds to the normalized correlated flux at zero baseline for the disk and A 2 to the uncorrelated flux, where A 1 +A 2 =1. To optimize the model fit we use a Levenberg-Marquart algorithm implemented at the IDL MPFIT package (Markwardt 2009 ). Figure 4 displays the the best-fit model obtained for both filters, while Table 2 gives values of the best-fit parameters and their uncertainties. The fact that A 1 does not reach unity in both bands is evidence for over-resolved extended flux. Nürnberger (2008) presented the L −band large scale structure of the circumstellar environment around IRS 9A. That work presented an east-west elongated emission around IRS 9A with an angular size of around ∼1.5" (or ∼10000 AU at a distance of 7kpc). The angular extension of that diffuse emission is larger than the angular resolution of our shortest baseline (θ=0.5"), thus, this can explain the origin of the over-resolved flux observed at our NaCo/SAM data at L . In the case of K s , the presence of circumstellar matter or a halo of scattered light could also explain the over-resolved flux observed in our interferometric data. This finding will be addressed in the subsequent sections. 
The H 2 and Brγ spectroastrometric signals
To determine and characterize the region from which H 2 and Brγ emission lines arise, we extracted the spectroastrometric (SA) signal from both lines using custom IDL routines. This procedure allows us to track the centroid of the stellar continuum and of the emission line as a function of wavelength with an astrometric precision on the order of a few milliarcseconds (see Whelan & Garcia 2008) . The SA signal was measured on the non-continuum-subtracted data, and recovered by applying a Gaussian fitting to the intensity profile of the observed line along the spatial axis for each one of the dispersion axis bins.
To eliminate the draw-back shift of the SA signal caused by the superposition of the stellar continuum at the emission line position, we corrected our signal as follows (see Whelan & Garcia 2008; Pontoppidan et al. 2008) :
1) The flux of the line (F λ(line) ) was weighted by the sum of the flux of the line and continuum (F λ(continuum) ) according to the following expression:
b) We computed w f using the average value of F λ(line) and F λ(continuum) . The differences in the centroid position between line and continuum were then multiplied by the computed flux weight, w f . Figure 5 displays the SA signal of the different position angles for both H 2 and Brγ lines. The SA signals displayed on the histograms are averaged over three and five bins for H 2 and Brγ, respectively. All the signals are corrected by the continuum draw-back, using an average F λ(continuum) /F λ(line) ∼0.55 and 0.87 for the Brγ and H 2 .
On the one hand, the Brγ emission line appears to be formed at the core of IRS 9A with maximum offsets from the continuum of around ∼20 mas. On the other hand, in the H 2 line, the SA signal presents maximum offsets on the order of ∼150-300 mas, depending of the position angle of the slit. The sizes of the SA signatures are consistent with the structures observed in our SAM and AO data. This suggests that the core of IRS 9A has a compact structure that contains ionized material, and a more extended surrounding envelope composed of molecular hydrogen.
The maximum in the H 2 SA signal at PA=0
• is blue-shifted from the line's systemic velocity while the maximum of the H 2 SA signal at PA=90
• is red-shifted. On the contrary, the maximum of the H 2 SA signal at PA=128
• coincides with the line's systemic velocity. The peak of the SA signal corresponds to a velocity of around -10, 0 and +10 km/s for position angles of 0 • , 90
• and 128
• , respectively. This narrow velocity range in both the spectroscopic and SA signal suggest that this line has its origin in fluorescent H 2 .
The Brγ SA signals at position angles of 90
• exhibit a double peak profile with one of the peaks blue-shifted and the other red-shifted. The velocities at the peaks for both position angles are of about -30 and 30 km/s, respectively. The characteristic SA signature of a disk-like structure presents an upside-down double peak profile (see e.g. Pontoppidan et al. 2011; Blanco Cárdenas et al. 2014) . Therefore, the observed SA profiles cannot arise from a standard disk-like structure in Keplerian rotation. On the contrary, this type of SA signature appears to be formed in more complex systems with asymmetries or several components. Another intriguing possibility is that the observed Brγ SA signal could be explained by a binary system. Bailey (1998) presented the characterization of several pre-main sequence binaries that exhibit similar SA signals, finding doublepeak profiles created by the binary that varies depending on the observed PA such that with the maximum shift is seen at the position angle of the line connecting the components of the binary. Therefore, binaruty of the central source may explain the lack of a clear double-peak profile at PA=0
• . Furthermore, it is important to mention that since the SA signal is practically zero within the Brγ wings, outflows seem implausible as an explanation for its origin.
A simple way to determine whether the SA signals are formed by a distribution of material in a common orbital plane (e.g. disk or binary) is the creation of a 2D plot (x-y) with two SA signals observed at different position angles. If the resulting trend of the astrometric offsets in the x-y plot can be approximated by a linear distribution, then the material (from which the SA signal is formed) is coplanar as expected for an orbital plane (Bailey 1998; Takami et al. 2003) . Figure 6 displays three panels with the x-y maps produced given the position angles observed. As can be seen, neither the x-y plot created with the SA signals on position angles 0
• and 90
• , nor the plot with position angles 0
• yields a linear distribution. In contrast, the x-y panel with position angles 90
• fits a straight line. The line overplotted in panel three of Figure 6 represents a best-fit approximation to a function of the form y=mx+b with m=1.19 and b=4.45. This finding supports the hypothesis that some component of the ionized gas at the core of IRS 9A shares a common orbital plane with a position angle in the plane of the sky of ∼150 • East of North. However, additional material is located at different orientations, suggesting that the SA signals observed represent the sum of several morphological components of IRS 9A. Furthermore, our findings can be compared to the ones obtained by Bailey (1998) for the Herbig Ae/Be star Z CMa, which shows at least two components with different orbital planes, a binary+disk system with perpendicular outflows, in its 2D spectroastrometric plots, suggesting that these two systems may have a similar morphology. As observed in each panel of Fig.6 , the maximum displacements of the centroids are around ∼20 mas.
Discussion
To determine the physical conditions that best reproduce the observed morphology of IRS 9A, we linked the observed V 2 of our SAM data with the MIR observations from the literature, and the object's SED through a multi-wavelength radiative transfer simulation. We considered a physical scenario that includes similar properties as the Class I YSO described by Whitney et al. (2003) . The structure of the model consists of a compact flared disk around the central source of radiation, surrounded by an outer elongated envelope with a bipolar cavity. The 3D density distribution in spherical coordinates, ρ(R, z, φ), of the disk follows a power law described by the expression:
Where ρ 0 is the scale factor of the density, R is the disk radius and β the scale height disk exponent. The scale height function, h(R) is given as: h(R) = h 0 (R/R 0 )
β . The envelope density distribution corresponds to an elongated structure of infalling material according to Ulrich (1976) . It has the following form:
where r is the radius of the envelope, r 0 is the normalization radius of the envelope (in this case r 0 =7000 AU), andṀ is the rate of mass infall. The factors µ 0 and µ are given by the expression: µ 3 0 + µ 0 (r/r 0 − 1) − µ(r/r 0 ) = 0. The density distribution in the envelope cavity was considered to be uniform. It is important to highlight that our simulation does not consider binarity and/or irregularities in the disk at the core of IRS 9A: features that are beyond the scope of this work.
To perform the radiative transfer simulation, we used the Hyperion software (Robitaille 2011) . This code carries out 3D dust continuum radiative transfer simulations while creating SEDs and images at the required wavelengths. Our Hyperion simulations use the density distributions of the different structures to determine their temperature and flux maps. The code uses a modified random walk (MRW) approximation to propagate the photons in the thickest regions of the simulations. The model assumes a standard dust mixture of graphite, silicate and carbon (Kim et al. 1994) . The grain size (a) distribution followed a MRN power-law with the grains ranging from a (−) =0.005µm to a (+) =0.25µm (Mathis et al. 1977) . The simulated models also include the scattering of the dust with a full numerical approximation of the Stokes parameters in the ray tracing process. The gas-to-dust ratio was assumed as 100:1 and the total number of photons used in the simulations was fixed to 10 7 . A foreground extinction of Av=4.5 and a distance to IRS 9A of 7 kpc were adopted for all simulations performed (Nürnberger 2003) .
>From the radiative transfer simulations, we obtained synthetic images of the morphology of IRS 9A for the K s , L bands observed with NaCo/SAM (see Sec. 3.1), for the N−band (11.7 µm) observed with T-ReCS, and for the MIDI/VLTI (8-13 µm) data described in Vehoff et al. (2010) . Subsequently, the V 2 were extracted from those images, at the spatial frequencies sampled by the observations, using proprietary IDL routines. We also obtained synthetic SEDs in the range of 1-500 µm. For all images, the total flux was normalized according to the largest angular size, at the spatial frequencies sampled, for each of the instruments used.
In order to compare our best model with previous work, we used Hyperion to create synthetic images and SEDs of (i) the best model of the IRS 9A SED obtained with Robitaille's online fitting tool 2 (Robitaille et al. 2007) , and (ii) of the best physical model of the MIR morphology of IRS 9A described by Vehoff et al. (2010) . Table 3 Vehoff et al. (2010) , since they used a truncated FOV of 0.85", leading to bias in the visibilities. Figure 8 displays the SED of IRS 9A for each of the models overplotted with the observational data. The different linestyles correspond to different models, while NIR photometry (Nürnberger 2003) and mid-IR Spitzer data (Vehoff et al. 2010 ) are given.
>From Fig.7 , we observe that the model presented by Vehoff et al. (2010) based on the MIR data does not reproduce the observed V 2 signals extracted from NIR SAM observations pre- 1.0x10
Inclination ( • means that the disk and envelope are seeing edge-on sented in this work. In fact, the model is shifted systematically towards lower V 2 values at the three K s , L and N bands; moreover it also exhibits some deviations at shorter baselines from the MIDI data. Similar V 2 misfits are observed for the model obtained with the Robitaille's online tool. Despite this poor performance when confronted with the interferometric data, good fits to the SED data are exhibited by both Robitaille and Vehoff models.
This result is not unexpected since SED fitting alone often offers highly degenerate outcomes: strong constraints are only provided when SEDs are used in concert with spatial information identifying the origin of the emission. For example, even simple single envelope Robitaille models are sufficient to reproduce the observed SED, although none simultaneously reproduce the observed V 2 . This underlies the importance of multi-wavelength interferometric observations combined with SED modelling to construct a reliable physical framework of the MYSOs morphology.
In contrast to previous work, we have produced a physically consistent model of IRS 9A reproducing all observable data including V 2 signals at NIR and MIR wavelengths (although some deviations are present at the shortest baselines of the K s and L filters and in the largest baselines of the MIDI data). Our model reproduces the longest baseline visibilities from the TReCS data, but underfits V 2 at the shortest T-ReCS baselines. It is important to highlight that, in contrast to the other wavebands, the N-band data sample the largest scale of the IRS 9A morphology. Therefore, we infer that our model faithfully reproduces the IRS 9A morphology up to scales ≤ 1" (7000 AU), but departures exist for V 2 data corresponding to angular scales between 1"-1.6" (7000-11000 AU). Our best model gives a good representation of the observed SED of IRS 9A (see Fig. 8 ).
Figure 9 displays a radial slice through the temperature distribution of our best model. It is observed that the disk has an outer temperature close to the dust sublimation limit (T∼1500 K) while the inner regions of the disk have an average temperature around T∼600 K. Our simulation also suggests that regions closer to the central source than 2 mas (10 AU) are dust-free because of the strong radiation pressure exerted by the central source As concerns to the origin of the emission observed in the IRS 9A SED, Figure 10 shows the thermal and scattering contributions from the best-fit physical model. This plot indicates that scattered photons from the stellar source are the most important source of radiation at K s -filter, and they also contribute to the emission observed at L -filter, while thermal emission from the dust dominates the mid-and far-infrared.
The key physical differences that result in our model being a better match to the IRS 9A observations (compared to previous work) include: (i) a smaller, hotter disk (with a radius of ∼20 mas; 60 AU), and (ii) a smaller envelope (see Table 3 ). Prior models use a circular envelope whose density distribution only depends on the radius, taking no account of the rate at which in- falling material hits the central source. In contrast, our model usesṀ to construct the density profile (see Eq. 4) which appears to play an important role. Our simulation suggests material from the envelope is infalling at ∼4x10 −4 M /yr: mass infall rates this high are not rare at the the embedded phases of high-mass stars like IRS 9A (see e.g. Evans 1999; Zinnecker & Yorke 2007) . Furthermore, models with similar disk+envelope parameters, but withoutṀ, fail to reproduce the SED and V 2 simultaneously.
The difficulty to construct a model that satisfies both the SED and interferometric data in all details simultaneously suggests that the true morphology of IRS 9A is more complex than our simple constructs. Figure 11 displays an RGB image of the IRS 9A structure built with the synthetic images of the K s , L and N data. In the image the central part of the source is shown, surrounded by the material of the envelope. The polar axis of the disk+envelope presents a PA projected in the plane of the sky of 80
• , similar to the orientation of the major axis of the extended emission observed in the full-pupil NaCo data presented by Nürnberger (2008) 1.4 arcsec RGB image of the best radia6ve transfer model of IRS 9A Fig. 11 . Simulated RGB image of the IRS 9A morphology. The image is composed with the images of the best physical model introduced in this work. The red, green and blue images corresponds to the N , L and K s filters, respectively.
Conclusions
a) The analytical model described by Whitney et al. (2003) of a Class I YSO appears to be a relatively good approximation of the IRS 9A morphology. IRS 9A is an embedded object surrounded by a thick envelope which dominates the spectral energy distribution, and with a flat disk-like structure at its center. This result supports contemporary thinking in star formation (see e.g. Bonnell & Bate 2006) , which suggest that massive stars gain mass from the environment via accretion disks that shield part of the infalling material from the strong radiation pressure. IRS 9A (with a mass of ∼30-40 M ) is one of the few cases in which such disk-like structures can be observed, representing an important observational validation to our understanding of massive star formation. b) From our NaCo/SAM data, we confirmed the presence of a compact disk-like structure with an angular size ≤30 mas. From our radiative transfer simulations, we found that the disklike structure is responsible for most of the NIR flux distribution of the IRS 9A SED. c) From our best-fit radiative transfer model, we found that the large scale MIR emission is dominated by the heated dust within the envelope cavity. This is particularly supported by the observed morphology at 11.7 µm with T-ReCS. The model envelope has an angular size of ∼ 1". Due to the high luminosity of the central source, the hot inner regions of the envelope also emit at NIR wavelengths.
d) The morphology of the best-fit physical model in the L −filter is consistent with the bipolar shape observed in fullpupil NaCo imaging presented by Nürnberger (2008) . This hot extended emission from the envelope is also responsible of the over-resolved emission observed in the K s and L squared visibility signals.
e) The best physical model suggests that the system of disk+envelope is inclined ∼60
• from the observer's line of sight.
Moreover, from our simulations, we found that smaller inclination angles generate a large absorption feature at 10 µm in the SED, which is not observed in the data. Higher inclinations, as suggested in prior literature models, fail to reproduce the V 2 data at NIR wavelengths. f) From the Brγ spectroastrometric signal, we found that the core of IRS 9A is complex. A common orbital plane obtained from the 2D plot of position angles 90
• is consistent with the orientation of the disk in the plane of the sky. However, it is clear that additional ionized gas at different position angles is present. These findings can be explained by a contribution arising from the envelope to the flux centroid at regions were the envelope mixes with the disk (10 mas; ∼60 AU) and by the material in the envelope cavities. New spectroastrometric observations and/or interferometric observations with GRAVITY/VLTI, combined with radiative transfer emission line models, may be useful in confirm this hypothesis and/or search for the presence of additional stellar companions at the core of IRS 9A. g) A complete self-consistent physical scenario describing IRS 9A's complex morphology is challenging, in particular fitting both the spectral energy distribution and both small/large scale spatial structure. However, systems such as this one represent important and rare test cases with which to confront theoretical models. In this work, we have demonstrated that a multiwavelength approach is necessary to unveil the physical and geometrical properties of the MYSOs. Our results indicates that optical interferometry and spectroastrometry are important observing techniques to map the morphological properties at the core of MYSOs, where important physical phenomena occurs. Future work will require more data with these techniques to refine the existing models. Moreover, additional data at longer wavelengths (e.g. observations with Atacama Large Millimeter Array) are also necessary to complete the picture for IRS 9A. Similar analysis should be extended to other MYSOs to systematically study their properties, driving further incisive testing of massive star formation scenarios.
